Abstract-This paper proposes a novel adaptive filtering scheme to remove impulse noise from images.
I. INTRODUCTION
Noise suppression from images is still remains as one of the challenges among researchers. Impulsive noise in images is predominant during acquisition, storage and transmission. It occurs in two types either as fixed valued (salt and pepper) or random valued. In salt and pepper case the corrupted pixels assumes the maximum or minimum gray level, whereas in random valued impulse noise the corrupted pixel will be any value within the dynamic range of minimum or maximum gray level. The main thrust in any filtering scheme is to remove the impulsive noise while preserving the image details in restored images. The existing impulse noise removal schemes are classified into two categories, namely filtering without detection and detection prior to filtering. The nonlinear standard median filter (SMF) [1] falls under the first category. It is computationally poorly in high density impulse noise. Further, the filters under the first category perform filtering operation on all pixels of an image irrespective of its corruption status and as a result the restored image suffers from loss of edges and other image details. On the other hand, the second category of filters detects a pixel under consideration to be corrupted or not. Subsequently, it applies a filtering operation on the corrupted pixels only keeping the non-corrupted one's intact. This selective filtering shows superior performance in restored images.
Progressive switching median filter (PSMF) [2] , Adaptive median filter (AMF) [3] , minimum-maximum exclusive mean (MMEM) [4] are few such schemes which perform well in low as well as high density impulse noise. The progressive switching median filter (PSMF) achieves the detection and removal of impulse noise in two separate stages. In first stage, it applies impulse detector and then the noise filter is applied progressively in iterative manner in the second stage. In this method, impulse pixels located in the middle of large noise blotches can also be properly detected and filtered. The performance of this method is not good for very high density noise cases. Adaptive median filter (AMF) is used for discriminating corrupted and uncorrupted pixels and then applies the filtering technique. Noisy pixels are replaced by the median value, and uncorrupted pixels are left unchanged. It performs well at low noise densities but at higher noise densities, window size has to be increased to get better noise removal which will lead to less correlation between corrupted pixel values and replaced median pixel values. The minimum-maximum exclusive mean (MMEM) filter uses mean value instead of median values of neighboring pixels to remove impulse noise from highly corrupted images. Simulation results show that even if the occurrence rate of the impulse noise is very high (70%), the restoration performance is still acceptable. A noise adaptive soft switching median (NASM) filter [6] is suggested, where a three-level hierarchical soft-switching noise detection process is used. An efficient decision-based algorithm (EDBA) [7] and subsequently its improved version an improved decision-based algorithm (IDBA) [8] The paper is organized as follows; the impulse noise model is given in section II, Section III deals with the proposed scheme. In Section IV, the simulation results along with comparative analysis are discussed in detail.
Finally, Section V gives the concluding remarks.
II. NOISE MODEL
Impulsive noise can be classified as salt-and-pepper noise (SPN) and random-valued impulse noise (RVIN).
An image containing impulsive noise can be described as follows:
( ) denotes a noisy image pixel, ( ) denotes a noise free image pixel and ( ) denotes a noisy impulse at the location( ). In salt-and-pepper noise, noisy pixels take either minimal or maximal values i.e. Step 1. Initialize a sub-window size, and maximum window size, max =15
Step 2. Select a sub-window of size with center pixel as .
Step 3. If * + shift the window and go to Step 1 (noise free pixel).
Step 4. Collect the set of pixels ( ) from the subwindow ignoring the pixel with 0 or 255.
Step 5. If the size of (i) Replace with median of pixels in . (ii) Shift the window (iii) Go to Step 1
Step 6. Set
Step 7. If , go to Step 2. Else replace the center pixel by mean of the pixels in sub-window of size
Step 8. Repeat
Step 2 through Step 7 for all pixels in the image.
IV. SIMULATION RESULTS AND DISCUSSION
To validate the efficacy of the proposed DAMF 
A. Peak Signal to Noise Ratio (PSNR)
where, Mean Square Error (MSE) for an is defined as,
B. Improvement Signal to Noise Ratio (ISNR) [5]
where, image , and ̂ are the original, degraded and the restored images respectively.
C. Image Quality Index (IQI)
This subjective measure image quality index (IQI) models any distortion as a combination of three different factors: loss of correlation (Corr), luminance distortion (Lum), and contrast distortion (Cont) are defined as [11, 12] ,
where, the overall image quality index is given by,
The dynamic range of IQI lies in the range of -1 to 1. 
